Go ogle 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non- commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 



Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : / /books . google . com/ 



of tbe 

'Qlntverett!^ of Mteconsin 



Digitized by 



Googl 



Digitized by 



Googl 



AN INVESTIG/JIOB OP ELBOWS AS A MEANS FOR 
MEASURING PLOW OF WATER 



A THESIS 
SUBMITTED BY 

CHARLES POMEROY KIDDER 
AND 

y/ILLIAM JACOB RHEINGANS 
AND 

CHRISTOPHER ARMIN V/IEPKING 



THE DEGREE OP BACHELOR OF SCIENCE 
CIVIL ENGINEERING COURSE 



University of Wisconsin 
1920 



FOR 





Digitized by 



TABLE OF CONTENTS 



Introduction 1 

History 1 

Purpose of the Thesis, , 1 

Theory « • • 3 

Description of Apparatus • • • • 5 

Method of Experimenting 10 

Reading of water Gages ....... 10 

Control of water Supply. 11 

Measurement of Discharge ...... 12 

Length of Runs. ......... 15 

Computations .15 

Discussion of Results ....... 17 

Accuracy and Percent Error. ..... 17 

Variation of Coefficients in the Same Elbow 

under Different Conditions. .... 21 
Variation of Coefficients in Different. 

Elhows ........... 21 

Variation of Coefficients in Horizontal 

and Vertical Elbows in Same Line. . . 21 

Conclusions ...... 23 

Suggestions. 23 

Appendix ............... 24 



Digitized by 



Digitized by 



Google 



1 



INTRODUCTION 

An attempt has been made in this theeis to determine 
the possibility of using an elbow as the means for measur- 
ing the quantity of flow through a pipe line. As far as 
is known, this fonn of meter has never been used in any 
practical work, nor has any experimental work been done 
upon it. The writers are therefore stepping into a new 
and untried field of research which accounts for some of 
the departures from a definite plan of procedure* It is 
nearly impossible to tell along what lines valuable infor- 
mation might be developed. 

The advantages of using such an elbow meter, as it 
may appropriately be called, lies in the ease and economy 
with which it may be set up in the*field where other means 
for measuring flow would be out of the question. If used 
under the proper conditions, results as acurate as those 
of the more expensive venturie meter can be obtained. 

In this work, only a few elbows were calibrated, and 
the acurracy of the results were studied. The limited 
extent of the work prevented the drawing of any conclusions 
as to the relations of the meter coefficients in the various 
setups. 

A great deal of research work could be done in studying 
the variation of the elbow meter coefficient under various 
changeable conditions such as diameter of pipe line, length 
of straight pipe leading up to and away from the elbow. 
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position of elbow meter, that is whether horizontal or 
vertical, and velocity of flow. 
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THEORY 




Fiq. 1 



noyy 




Water flowing through a pipe has an eff eotive head 
at any section (A Pig l) which involves both pressure 
and velocity of flow. If a piezometer is inserted at 
right angles to the axis of a pipe, the water will rise 
to a height equal to the pressure head. (h^ Pig l) The 
introduction of a pitot tube will cause the water to rise 
to a point h| ♦ h^ where h, is the velocity head equal to 
V^/2g. (SeePig 1*) 

If instead of using a pitot tube, the pipe is tapped 
at an elbow, the water will rise to a height of h* ^ h^ 
where h^ is the pressure head and hg is some function of 
v2/2g. (see Pig 2#)By tapping the pipe a short distance 
in front of the elbow, the pressure head can be measured 
and hg obtained by finding the difference in head of the two 
columns of water. When these two tubes (a and b Pig 2) 
are placed close together, the pipe friction loss is neg- 
ligable, and since there is no other quantity involved, 
the difference in head must be some function of the velocity. 
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hg == c v2/2g where c is the constant which is to be deter- 
mined experimentally. The tube *b* is introduced at an 
angle of 45 degrees with the direction of flow and therefore 
it is to be expected tht ••c* will be less than one, unless 
the conditions incident to the flow of the water through 
the elbow are such as to produce a large pressure at •d*. 
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DESCRIPTION OP APPARATUS 

Different settings of apparatus were used in obtaining 
the data in this thesis for the 30-inch, 8-inch, 6-inch, 



the apparatus was used as permanently installed in the main 
floor of the laboratory, and in the cases where new arrange- 
ments of piping were necessary, temporary settings were 
made and removed after the completion of the tests. 

Calibration of 50-inch Elbow ^eter: 

For the 30-inch calibration, the large centrifugal 
pump in the pumping pit of the laboratory was used. The 
outfit consists of a 30-inch centrifugal pump, directly con- 
nected to and driven by a two-cylinder, vertical, simple 
type steam engine rated at 150 H. P., and the necessary 
piping and weir channel. The supply water was drawn up 
from the intake well through the 30-inch suction pipe 
of the pump. The suction lift to the axia of the pump 
was 9 feet. The water was discharged through the 30-inch 
line leading from the pump to the receiving basin of the large 
weir channel. The 30-lnch elbow which was calibrated in 
this test, was the elbow In the discharge line. The gage 
used was a two-column water gage, one of the columns 
connected to a piezometer tapped into the pipe just above 
the elbow flange joint, and the other in the midpoint 
of the outer side of the elbow. The following diagram 
shows the positions of the two pieznuneters as set in all 
these elbow calibrations: 



and two separate 4-inch Bettings. 



In most of the work, 
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A diagram of the water gage which was used in all the 
tests is included in the drawing (elevation) of the 6-inch 
set-up, Plate 3, appendix* The water delivered by the 
pump was directed from the receiving basin down the large 
flume and into the weir channel, as indicated by the line 
of arrows in the diagram of the hydraulic laboratory, 
plate 1. The quantity of flow was measured by the 10-foot 
weir located in the lower floor of the laboratory. The 
readings of head on the weir were taken from the two 
hook gages as permanently installed. The discharge from 
the weir returned the water to the lake through the tailrace. 



Calibration of 8-inch Elbow meter; 

In connection with the 8-inch set-up, the water was 
obtained from the large reservoir. Two views of the 8-inch 
apparatus are shown on plate 2. The permanent 12* main 
located above the turbine gates in the laboratory supplied 
thw water. A reducing •'T*^ was used to connect the B*^ pipe 
tp the 12* line. This was arranged as shown in the plan 
view to discharge into the small weir channel. Two 8-inch 
elbows were included in the setting, one horizontal, and the 
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other vertical ; both of them were oalibrated, and the same 
typical gages and piezometer connections were used as in the 
30-inch test. The quantity of flow was measured by means 
of the 3 1/2 foot weir at the head end of the channel* The 
direction of flow is indicated on the drawing by means of the 
small arrows. 

Calibration of e-^inch Elbow Meter: 

Plate 3 shows the arrangement of apparatus used in 
the six-inch calibration. The main piebes of apparatus are h 
the motot, the pump, gage, and the north weir box. The 
motor and the pump are a permanent installation in the 
laboratory. The pump is a 6-inch centrifugal machine, 
belt driven, and drawing its supply from the intake well. 
It is in almost daily use, for it is ordinarily used for 
filling the large reservoir of the laboratory system. The 
6-inch elbow which was calibrated is located on the dis- 
charge line about five feet from the shaft of the pump, 
and is set in a vertical position, being a part of the line 
connecting the pump to the main which is suspended from 
the ceiling of the laboratory and which runs lengthwise 
through the building. The piezometer connections and the 
water gage are shown in the elevation. The water was 
discharged into the north weir box by closing the valves 
in the ends of the main line and by opening the valves from 
the main line to the weir box and from the discharge line 
from the pump to the main line. Thus the water was shunted 
across through the existing main system. The quantity of 
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flow was measured by observing the readings of the hook gage 
of the north weir box. 

Calibration of 4-inch Elbow Meter: 



An existing 4* lead from the 8* main above the pump- 
ing pit WHS arranged for this setting, the pipe discharging 



in arrangement, so that turbulent flow conditions affected 
the calibration results and introduced large errors. As 
indicated in the diagrams for setting #1 on plate 2, a por- 
tion of the pipe line formed a loop. The calibration of this 
elbow brought out the fact that to get satisfactory results 
with this form of meter, there must be a considerable 
length of pipe leading up to and away from the elbow. 



The large errors obtained in the 4-inch elbow meter 
indicated the desirability of running another experiment 
on the same elbow but with different set-up conditions* A A 
4-inch setup had already been used for some other work 
and we simply put our elbow into the line and connected 
our gage. This set-up is a good example of the ease with 
which this meter may be set up. The arrangement was as 
designated in the plan of setting -112, plate 2. The supply 
was taken from the 8-inch main in the center of the labor- 



atory, and led down through a reducer and a long section 
of pipe to the 4-inch elbow #2, which was calibrated. The 



setting #1 



into the north weir box. 



The pipe line was rather complex 



setting #2 
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discharge line led the water back to the south weir box, 

from which the quantity of flow was taken by means of hook ggge 

readings • 
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METHOD OF EXPB^RIMENTING 



Reading of Water Gages; 

The same gage was used in all of the experiments 
except that in the 8-inch run an additional gage had to 
be used for the vertical elbow* (See plate 2) The 
difference in head was all that was required, and therefore 
the gages were put under air pressure whenever the head be- 
caime so great as to rise out of the tube. It was found 
necessary to dampen the water columns considerably be- 
cause of thei* tendency to jiomp up and down. Even when the 
valves on the piezometer connections had been closed as 
far as practicable, there was still some motion. However, 
a special effort was made to have the two columns move in 
unision, that is to have them go up together and come down 
together so that there would be no lag. This was accom- 
plished by adjusting the valve openings in the connections 
between the elbow and the gage. 

The gages were supplied with vernier pointers which 
enabled the gages to be read to the nearest thousanth of a 
foot. In order to obtain a more accurrat value of the dif- 
ference in the head, both pointers were set at practically 
the same time. Ordinarily, the readings werectaken at the 
beginning of the run and at the end of every minute; thus 
a four minute run would furnish five readings. At the be- 
ginning of each set of runs, the gages were flushed thorough- 
ly so as to let out all the trapped air. Since a large 
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part of the accurraoy of the work depended upon the reading 

of the water gages, great care was taken to get correct valiBs. 

Control of the Water Supply: 
30-inch Elbow Meter 

The water was piimped by a centrifingal piimp and the 
discharge was controlled by regulating the speed of the 
steam engine at the throttle. The man at the weir gage 
could determine when a sufficient change in discharge had 
been reached and when conditions had become settled. He 
could then make it known to the man at the throttle. 
After a little practice, the latter knew Just about how 
much to change the throttle in order to obtain a certain change 
in discharge, (See Plate 1.) 
6-inch Elbow Gage; 

A centrifiigal pump operated by an electric motor 
supplied the water for this test. Per velocities over six 
feet per second, the discharge was controlled by varying 
the speed of the motor with a water rheostat. A downstream 
valve was used to control the discharge when lower velocities 
were desired. This valve was kept wide open at all other 
times. (See Plate 3.) 
4-inch and 6-inch Elbow Meters: 

The water for the first of the 4-inch elbows was 
obtained from the university pumping station. The discharge 
was controlled by a valve upstream from the gage connections. 
(See Plate 2.) The flow was rather unsteady because of the 
variation in pressure maintained at the pumping station. 
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It was found aaoessary to start extra pumps when the flow 



second setting of the 4-inoh elbow was obtained from the 
reservoir which furnished a head of 60 feet. The rate of 
discharge was controlled by an upstresum valve. (See Plate 2 ) 
The flow was very steady because of the constant head 



In all the experiments except the 8-inch elbow, 
a series of runs were made starting with a slow velocity 
and were gradually increased until a maximum was reached. 
The velocity was then decreased again until the minimum 
was reached. If, after the points had been plotted, it 
was found necessary to take additional points, they were 
immediately run. 

Measurement of Discharge; 

The discharge was measured in all cases by means of 
weirs. For the 30-inch elbow meter test, use was made of 
the ten-foot weir with its two hook gages, one on each side 
of the channel of approach. This weir was calibrated 
in 1917-18 by C» N. Ward and H. Brock. Their curve was 
used in computing the quantity. (See Sheet 19«) 

The 6-inch elbow test and the first setting of the 
4-inch elbow, the quantity was measured in the north weir 
box with the lO* rectangular weir* This calibration was 

made in 1918 by C* D. Diedrich. His curve was assumed 
to be alright. (sae Sheet 17^) 

The discharge for the 8-inch runs was measured in the 



was at the maximum. 



The water for the 8-inch and the 



maintained in the reservoi]^'. 
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3 l/2 foot weir oalibrated in 1920 by Tabor and Sloan, 
their tables of Q were used. (See Sheet 20 for Q Curve) 

The second setting of the 4-lnoh elbow was run through 
the south weir box with the 12*' rectangular weir cali- 
brated by 0. T. Wiskocil and Ward and Brock. Their curve 
was used. (See Bhe^»t 18.) 

In all the above measurements, a hook gage reading to one 
ten thousanth of a foot was used to measure the head on the 
weir. The reader, Kidder, would take a measurement at 
every high and low point of the fluctuating wave in the 
channel. In order to eliminate the lost motion in the 
gage, the hook was always raised up to the level of the water 
in reading. The zero reading of the gage was frequently 
determined, either before or after a series of runs. Since 
this factor could greatly alter the validity of the work, 
great care was always taken to get the aero reading cor- 
rect. The zero elevation of the water in the channel was 
found by holding an electric lamp above the crest of the 
weir and by noting the image of the lamp in the water. 
The image of the lamp filiments was only undistorted when 
the water was level with the crest of the weir. 
Length of RAns: 

The experiment on the 30-inch elbow was the only one 
in which exceptionally long runs were made. These runs 
varied from 20 minutes down to four minutes with a six to 
seven minute interval between runs. The long interval 
between runs was required because of the fact that the 
discharge channel was so long that it took some time for 
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conditions to become settled to regular flow. 

In the 8-inch series, it was found necessary to use 
rather short runs of three minutes duration because the 
reservoir was not of sufficient capacity to warrant a longer 
run* 

All the other runs were from four to five minutes in 
length with a two or three minute interval betweenn runs* 
This gave ample time for conditions to adjust themselves 
and to get a correct reading* The interval between r\ms 
was usually determined by the man reading the hook gage on 
the weir. He could tell when the rate of flow had become 
constant. 
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COMPUTATIONS 



An adding machine and a ten-inch slide rule were used 
in the computations. From six to ten readings of the gage 
and weir were taken at equal intervals during the run, the 
number depending on the length of the run. The arithmetical 
averagesof the readings of both the legs of the water gage 
were found and the difference in these averages was taken 
as the velocity head of the water at the elbow. The head 
on the weir was taken as the arithmetical average of the indi- 
vidual readings during a run, after a correction had been 
made for the zero reading of the hook gage. Quantitft of 
flow was taken from weir calibration curves which had been 
previously made by students and instructors. Copies of 
the weir calibration curves are bound here. (See Sheets 
17 to 20.) 

In the 30-inch setup, the 10-foot channel and weir 
were used. It was found advisable to make a correction for 
the leakage through a poorly constructed bulkhead. All 
the leaking water was diverted into a 16* channel in which 
a rough board weir had been placed with which the quantity 
of leakage was estimated. This correction was added to 
the quantity as taken from the 10-foot weir calibration 
curve. 

With the quantity of flow known, the velocity and the 
velocity squared of the water running through the elbow was 
computed. The velocity was found by dividing the quantity 
by the area of crossection of the elbow. (In each case. 
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the area of crossection was determined acourrately by measui^ 
ing the diameter of the pipe with calipers^) 



Curves were drawn with the readings of the gage^as 
ordinates and with velocities squared as absoissae. The 
reason for doing this was that theoretically these two 
variables should have a straight line variation, and the 
curve could be quite accurrately drawn* After the points 
were plotted, a line was drawn through the origin and the 
point representing the average ordinate and abscissa of all 
the experimental points. The equasion of this line would 
be H = kV^/gg, where H is the reading of the gage in feet, 
V is the velocity in feet per second, g is the gravitational 
constant (32#2), and k is the coefficient of the gage* 
The value of k was found by multiplying the slope of the line 
drawn in by 2g. 

With the equasion known which represented the re- 
lation between H and V^, the equasion was derived for the 
relation between H and 



The formula is: 





.•♦•q are cons 
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DISCUSSION OP RESULTS 

In making a study of the data obtained, the velocities 
squared were plotted against the dlfferneoe in head of the 



be a straight line. It was found that such was the case, 
the straight line being the best curve that could be drawn 
through the points. The center of gravity was computed, 
and the line was then drawn through this point and the or- 
igin. Percentages of error of velocity as noted from the 
line thus drawn were plotted against the velocities, A 
study of these curves (Sheets 5 to 9) indicates that there 
might be a slightly different curve than the straight line 
for H and V^, because the errors run from a plus in the low 
velocities to a minus in the high velocities. This 
holds true only when the general results are good. This 
variation, however is so slight that it seems impracticable 
to consider it or to attempt to use any relation other than 
the straight line relation. Following is a discussioh of 
the various results obtained in the different experiments: 



1. Accuracy and Percent Error: 

At the start, it was the object to only run an exper- 
iment on the 80-inch elbow. With the plotting cf the 
first thirty runs, it looked as though the H - v2 curve 
would turn out to be a parabola. However, a second set of 
runs threw the points way off the curve. These runs were 
all made between December 18 and 22. Another set of runs 
were made between February 9 and 12. These points were still 



water gage. 



This curve, according to the theory, should 
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farther from any sort of curve* (SEE Sheet lO*) At this 
time, the level of the lake was very low, and no high 
velocities could be obtained due to a lack of water* 
Even at the smaller velocities, the pump was drawing air 
which, ade accurrate work impossible • It was impossible to 
remedy this and it was finally concluded that the pump 
had drawn more or less air in all the runs. Therefore, 
no attempt was made to analyze the data. The curve 
(Sheet 10) shows that the effect of the drawing of air 
was not so much upon the quantity of discharge as upon the 
water gage. As soon as any large quantity of air would be 
drawn into the pump, it would effect the water gage in such 
a manner as to form a pressure cushion and have a much smaller 
difference in pressure in the water columns than would 
otherwise result. For the smaller discharges the effect 
woxild be Just reversed, since the quantity of discharge 
would not be as great as the water gage indicated. When 
the points representing the smaller velocities were taken 
into consideration, it was found that the coefficient of the 
elbow meter was greater than one. This shows at once that 
the results were not valid. 



is made to run a similar experiment on the 30-inch elbow, 
the channel and the basie would have to be deepened and an 
extension added to the suction pipe. 
6*inch Elbow Gage : 

This experiment gave very good results as compared to 
the 30-inch elbow. One slight disadvantage to the accurracy 



It might be stated here that before another attempt 
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of the work was the proximity of the elbow to the pump* 
(Plate 3) The water had no time to quiet down before it 
reached the elbow, and the turbulent flow had a bad effect 
especially in the lower velocities. (See Sheet 7) At a 
velocity of from three to four feet per eeeond, the percent- 
age of error was plus or minus six percent. This error 
dropped to two pwroent at a velocity of nine feet per second. 

First setting of the 4-inch Elbow: 

These runs gave some very interesting results as 
compared to a second experiment with the same elbow. The 
whole arrangement was of a wholly different nature from 
any other that was used. (See Plate 2) A double elbow 
was located a short distance upstream from the elbow meter, 
with the controlling elbow between the double elbow. The 
pipe below the elbow meter was short and sloped upward 
thus putting the elbow on a slant. These conditions 
naturally caused a great disturbance in the water and accounts 
for the large discrepancies. The water was obtained from 
the university pumping station which meant that there 
was a great fluctuation in the pressure. This was no- 
ticable in the water gage and also on the weir^ Since 
the length of the run was considerable, this fluctuation 
would not allow uniform conditions during the run, and 
there was an appreciable error. The percentage of error 
varied from plus or minus 20 at a velocity of four feet per 
second to five percent at a velocity of fourteen feet per 
second. 
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Second Setting of 4-lnoh Elbow: 

The second setup was made In order to study the effect 
of varying conditions upon the accurracy of results and upon 
the coeff Iclents* Since conditions for this setup were more 
favorable for steady flow than the first setup with the same 
elbow, (Plate 2) better results were expected and obtained. 
Velocities of eight feet per second gave results well with- 
in a limit of plus or minus two percent. The coefficient 
also differed by nearly a hundred percent In the two cases. 

In general, the beet results were obtained at high vel- 
ocities which indicates that the greatesy error to contend 
with was that of reading the ./ater gage and the weir. 
This is true because the water gage and the discharge aannot 
be read as accurrately at low velocities as at high, and 
a small error In reading at the high velocities would 
not make so much percent error as that scime constant error 
In the low velocities. 

The 8-lnch Elbow Meter: 

Two elbows were used for this experiment, one vertical 
and the other horizontal. (Plate 2) Since setup condi- 
tions were ideal, ther errors were small. At the low 
velocities, four feet per second, the error was plus or 
minus four percent. The higher velocities gave better 
results. Above eight feet per second, the error was well 
within two percent. 
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Variation of Ooefflolent s In the Same Elbow under Different 
Condltlonet 

A comparlBon of the figures on plate 2 showing the 
4-lnch settings numbers one and two, will show how condi- 
tions will effect the results. It also shows the varia- 
tion whloh Is to be expected In the coefficients. The 
first setting gave a coefficient of #38, and the second 
gave •64* This Is a variation of ZZfc from the mean and 
It Indicates that elbow meters should be calibrated where 
the conditions give disturbances close to the gage and a 
fluctuating water supply prevails. 

Variation of Coefficients In different elbows: 

The coefficients In the different elbows vary from 
2 to 17 percent from a mean. This at once shows that 
it would be Imposalble to use the same coefficient for el- 
bows oft different sizes. A study of the curves on sheet 
16 shows that there is no simple relation between size of 
elbow and coefficient. The curve does show the variation 
in coefficient which is to be expected. This necessitates 
the determination of the coefficient for each size of elbow 
to be used in measuring flow. 

Variation of Ooefficlents in Horizontal and Vertical Elbows 
in the same Lines 

The variation of the coefficient in a horizontal ahd 
a vertical elbow of the same size in the same line was small, 
being about two percent from the mean. Since the conditions 
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for both these elbows was practically the same, this is an 
exsanple of wha> the different elbows of the same size will 
do under similar conditions. By similar conditions it is 
meant that the length of pipe straight before and beyond 
the elbow is the same, and the water supply is the same# 
In this set of runs, the water supply was from the reser- 
voir, A very steady flow was obtained. 
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CONCLUSIONS 

Prom a study of the data obtained in these exper- 
iments as presented in detail and froma study of the aurves, 
it is concluded that the elbow meter may be used to advantage 
in many instances. With a steady flow, with a reasonably 
long length of pipe upstream and downstream from the elbow 
meter, and with a well calibrated elbow, the error need 
not be greater than two percent. This is as accurrate as 
the venturie meter. For practical field work with an 
uncalibrated elbow, the error will probably run up to 
five or six percent. This follows from the fact that in 
the ranges of velocities used in practical work, the error in 
a single calibrated elbow meter is as hgih as two or three 
percent. Where the elbow is not calibrated under the con- 
ditions where it is used, an error of 1.6 to 2.5 percent 
may be expected in the coefficient. 

The elbow meter could be used in irrigation work 
where a ten percent error is allowable and a five percent 
error is of no consequence. Its great advantages are the 
simplicity of construction, and the low cost of installation. 
It can be set up in a very short time when the occasion de- 
mands and then might be equipped with an automatic reading 
and registering device. 

It is the suggestion of the writers that future 
experimenters calibrate pipes of larger diameter, and also 
check up the results obtained in this thesis. 
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SAMPLE DATA SHEET 

EXPERIMENT ON Calibration of 30* elbow 

DATA BY Rheiagans, Wiepkiag, and Kidder, 

DATE OP EXPERIMENT December 18, 1919* 

GENERAL DATA: Zero reading gage #1 (north) - .040 

Zero reading gage #2 (east) = .014 

Q oorreotion due to leaking water = #07 S.P. 
Ir Data) 
Oorreoi Head 



Bun 


Time 


Gage 


Gage 


No. 




#1 


#2 


1 


8:59 


.520 


.493 






.520 


.494 






.617 


.492 






.520 


.494 






.520 


.493 






.620 


.494 






.519 


.493 






.527 


.490 




9; 14 


(.519) 


(.494) 



Gage 
#1 



Gage 
#2 



Quantity of Flow 
From Oorreo- 
Ourve ted 



.479 



.480 



10.58 



10.65 



Run Time 



(Data from Elbow Gage) 
Gage Readings (ft.) Difference 



Ho. 




left 


right 


in 






(elbow) 


(Pump) 


Head 


1 


8J59 


3.671 


3.665 








3.660 


3.544 








3.668 


3.569 








3.696 


3.694 








3.667 


3.675 








3.699 


3.590 








3.699 


3.588 








3.617 


3.516 






9:14 


(3.467) 


(3.429) 


0.1047 








(Data from Engine) 


Run 


Time 


Counter Reading 


Revolutions 


No. 




Initial 


Final 




1 


8t59 


22706 








9:04 










9:09 










9:14 




24554 


1848 



Revolutions 
per 
Minute 



123 
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Data by Rhelngans, Wiepking, 



Hat A 




1919. 


Run 


Quantity 


of Plow 


No. 


Prom 


Correc- 




Curve 


ted 




(S.P.J 


(S.P. ) 


1. . 


6.42. . 


. 6,49 • 


2 


6.80 


6.87 


3 


7.17 


7.24 


4 


10.58 


10.66 


6 


9.66 


9.73 


6 


9.14 


9.21 


7 


7.43 


7.50 


8 


8.37 


8.44 


9 


12.36 


12.43 


10 


12.83 


12.90 


11 


13.45 


13.52 


12 


14.00 


14.07 


13 


13.45 


13.52 


14 




12.93 


15 


11.53 


11.60 


16 


6.62 


6.59 


17 


6.95 


7.02 


18 


6.90 


6.97 


19 


13.00 


13.07 


Ci\J 


1 A no 


14.07 


21 


13.36 


13.43 


22 


12.70 


12.77 


23 


12.28 


12.35 


24 


7.32 


7.39 




f •OU 


7.67 


26 


7.00 


7.97 


27 


14.00 


14.07 


28 


8.45 


8.52 


29 


8.23 


8.30 


WW 




7.56 


31 


10.42 


10.49 


32 


11.00 


11,07 


33 


11.70 


11.77 


34 


12.25 


12.32 


36 


13.17 


13.24 


36 


14.05 . 


14.12 


37 


14.68 


14.75 


38 


15.63 


15.70 


39 


23.12 


23.19 


40 


26.74 


26.81 



85 

N OF SP" ELBOW 
data sheet 

and Kidder. 



Velocity Velocity Reading 





Squared 


Elbow 




(f t/eec)'^ 


Gage 


(ft/sec) 


(ft) 


1.321 . 


1.750 •. 


.0391 


1.399 


1.960 


.0533 


1.473 


2.176 


.0663 


2.168 


4.71 


.1047 


1.981 


3.94 


.0760 


1.875 


3.62 


.0762 


1.528 


2.34 


.0562 


1.719 


2.95 


.0745 


2.534 


6.42 


.1120 




6-90 


.1250 


2.766 


7.60 


.1460 


2.865 


8.21 


.1396 


2.756 


7.60 


11130 


2.636 


6.95 


.1120 


2.362 


6.69 


.1060 


1.341 


1.803 


.0491 


1.430 


2.05 


.0534 


1.420 


2.02 


.0544 


2.660 


7.08 


.1163 


2.865 


8.21 


.1363 


2.739 


7.60 


.1259 


2.600 


6.77 


.1162 


2.518 


6.33 


.0964 


1.504 


2.266 


.0560 


1.662 


2.446 


.0672 


1-622 


2.640 


.0462 


2.865 


8.21 


.1366 


1.735 


3.01 


.0649 


1.691 


2.86 


.0666 


1.538 


2.37 


.0590 


2.136 


4.56 


.1080 


2.253 


5.09 


.1174 


2.599 


5.76 


.1076 


2.512 


6.32 


.1156 


2.700 


7.29 


.1255 


2.880 


8.30 


.1310 


3.060 


9.05 


.1634 


3.200 


10.22 


.1833 


4.725 


22.30 


.2410 


5.460 


2©. 90 


.2828 
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Calibration of 30" Elbow (Cont»d) 
Siuunary Data Sheet 

Data by Rheingans, Wiepking, and Kidder. 

Date, December, 1919. 



Rian 
Ho. 



Quantity of Plow 
Prom Oorreo- 
Ourve ted 
(S.P.) (S.P.) 



Velocity Velocity Reading 





25.83 


26.90 


42 


27.67 


27.74 




SO - "50 


30.37 


44 




32.79 


4S 


3P-S6 


32.43 


46 


SO^IO 


30.17 


47 


26.64 


26.91 


4R 


P4 RO 


24.57 


4Q 




22.03 






19.28 


61 


32 •SO 


32.37 


62 


31.79 


31.86 




^1 m 

Ox • w X 


31.08 




OU •WW 


30.60 


Bfi 


PQ 4P 


29.49 


66 


28.39 


28.46 


57 


23«62 


23.69 




PI AP 


21.69 




X # • # v 


17.77 


AO 


XW • Vvf 


15.97 


AT 

V J. 


14-40 

X^ • ^V/ 


14.47 


62 


13.64 


13.71 


63 


13.28 


13.36 


64 


11.66 


11.73 


65 


10.90 


10.97 


66 


9.63 


9.70 


67 


12.48 


12.55 


68 


14.30 


14.37 


69 


16.17 


16.24 


70 


17.42 


17.49 


71 


17.58 


17.65 


72 


19.70 


19.77 


73 


19.25 


19.32 


74 


23.60 


23.67 


75 


25.22 


25.29 







Elbow 
Gasre 


(ft/sec) 


(ft/Bec)2 


(ft) 


5.28 


27.90 


.2676 


5.65 


32.00 


.2919 


6.19 


38.30 


.3260 


6.68 


44.70 


.3665 


6.61 


43.70 


.3774 


6.15 






5.48 


37.80 


.3122 


5.00 


30.10 


.2703 


4.49 


25.05 


.2495 


5.925 


20.20 


.2320 


6.59 


15.40 


.2010 


6.59 

W • W^ 


43.50 


.3270 


8.495 


42.20 


.3640 


6 .34 


40.20 


.3480 


6.23 


38.90 


.3330 


6.01 


36.10 


.3120 


5.80 


33.60 


.2970 


4.83 


23.40 


.2560 


4«42 


19.60 


.2410 


3.62 


13.15 


.2330 


3.254 


10.60 


.1940 


2.946 


8.70 


.1470 


2.795 


7.82 


.1300 


2.721 


7.40 


.1530 


2.390 


5.71 


.1380 


2.235 


5.00 


.0940 


1.976 


3.91 


.0700 


2.560 


6.55 


.1170 


2.925 


8.58 


.1440 


3.100 


11.00 


.2200 


3.580 


12.83 


.2360 


3.600 


12.95 


.2410 


4.030 


16.20 


.2580 


3.940 


15.55 


.2620 


4.830 


23.30 


.2390 


5.160 


26.60 


.2820 
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wodLi b^iBUpB 

(^1) S(oes\*i) io9m\it) 

8TdS, Oe.TS 8S»8 

exes, oo,85 3d,3 

00S5. 0S,8S 0X.» 

aoas. ov.»^» e8»d 

9X.d 

9SX8. 08. re 8^.8 

80TS* 0X,08 00,9 

9Q»S. 30. 8S 

098S. OS. 08 8SQ.8 

OXOS. O^.aX 08.9 

0T98. 03,8^ 93.8 

o»98. os.s> ae».3 

08^8. 08. 0» M,3 

08C8. 09.88 8S.8 

08X8. OX. 88 X0.8 

0T9S. 08.88 08.9 

0838, 0^.88 88,» 

0X^8* 08. 9X 8».^ 

0888. 3X.8X 88.8 

0*9X. 08.0X MS. 8 

OT^X. OT.e 8^9.8 

OOeX. 88. V 3et.9 

083X. 0*,V X8T.8 

0e8X. XT.a 098,8 

0*90. 00,8 388.8 

OOVO. X9.8 8T9,X 

OTXX. 33.8 083.8 

O^M, 83,8 389.8 

0089. OO.XX 00X.8 

0888. 88.8X 088,8 

0X^8. 39. 8X 008,8 

0838, 08. 8X 0B0,» 

0888, 33. 3X 0»9.8 

0988, 08. 8S 088 •» 

0888. 08.88 031. 3 



won Jo x^lSaMuO miH 

•oe-xioo movk .ol 

b9i •v*X0O 

(.^.8) (.v.a) 

09,39 88.38 #ft * 

*T.T8 T8,tS S* 

T8,08 08.08 8* 

9T,88 8T,8R *» 

B».88 88,88 3* 

?X,08 OX ,08 8iK 

X9.88 *8«8a T* 

W.M 09. 1^8 8* 

60.89 89 .XS 9» 

88. 9X X8,9X 03 

t8.88 08,88 X3 

88, X8 9T.X5 S3 

80.X8 X0,X8 88 

08,08 88,08 M 

9»,98 8».9S 38 

8^,89 98,88 83 

98,88 88,88 V8 

98, X8 88,X8 83 

VT,TX OT,TX 93 

09,8X 08 

0*,M X8 

M,8X 88 

88,8X 89, 8X 88 

8T,XX 88,XX *8 

T9,0X M^OX 38 

0V,9 38,0 88 

33,9X 8»,8X T8 

T8,M 08, >X 88 

M,8X VX.8X ' 98 

9*,TX 8*.TX OV 

88. TX 88. TX XT 

TV,9X 0T.9X ST 

98, 9X 39,9X 8T 

T8.88 08.89 *T 

98,38 88.88 8T 
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Oalibrati< 
Summary 

Data by Rheingans, Wiepking 



Date, 


December, 


1919. 


Run 


Quantity 


of Plow 










Curve 


ted 




(S.P. ) 


(S.P. ) 


76 


26.27 


26,34 


77 


27.00 


27.07 


78 


28,36 


28.43 


7Q 




Gi7 , X J. 


80 


30.01 


30.08 


01 


17.12 


17.19 


82 


13.67 


13.74 


83 


14.93 


16.00 


84 




l«-5>7 


SB 


16.82 


16.89 


86 


17.06 


17.13 


87 


18.45 


18.52 


88 


19.00 


19.07 






TR A4 

XO . w V 


90 


18.80 


18.87 


91 


18.25 


18.32 


92 


17.31 


17.38 


9S 


17.10 


16,17 


94 


17.08 


17.15 


95 


18.01 


18.08 


96 


18.45 


18.62 


97 


18.68 


18.75 


98 


17.90 


17.97 


99 


16.00 


16.07 


100 


17.68 


17,75 



n of 30 Elbow (Oont^d) 
Data Sheet 

and Kidder. 



Velocity Velocity Reading 





Squared 


Elbow 


(ft/seo) 


(ft/8eo)2 


Gage 
(ft) 


0# OO 


OO on 
£o . UU 


.<S04 


5.53 


30,50 


.273 


5.80 


33.60 


.265 


5.94 


35.25 


.304 


6.15 


37.60 


.322. 


3.50 






ou 






2.80 


7.82 


.125 


3.06 


9.32 


.135 


3.31 


11.00 


.189 


3.44 


11.80 


.196 








3.77 


14.23 


.252 


3.88 


15.10 


,247 


3.80 


14.40 


,857 


3.84 


14.78 


.236 


3.73 


13.96 


.231 


5.64 


12.56 


.213 


3,295 


10,85 


,196 


3.496 


12.22 


.215 


3.682 


13.60 


.235 


3.770 


14.23 


.236 


3.820 


14.60 


.253 


3.661 


13.41 


.233 


3.273 


10.72 


.172 


36.18 


13.08 


.227 
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Calibration of 8" Elbow 
(Horizontal #1 ) 
Sununary Data Sheet 

Data by Rheingans, Wiepking, and Kidder. 

Date, February, 1920, 

Area of Oroeaection Elbow #l « .3456 square feet, 



Run 
No. 



1 
2 
3 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
26 

26 
27 
28 
29 
30 

31 
32 
33 
34 
36 
36 
37 



Quantity of Flow 
Prom Oorreo- 
Ourve ted 
(S.F.) (S.P.) 



7.829 
7.447 
7.160 
6.950 
6.592 

6.337 
6.038 
5.501 
5.033 
4.531 

4.125 
3.814 
3.468 
3.134 
2.672 

2.3«5 
1.626 
0.754 
7.943 
7.878 

7.653 
7.236 
6.934 
6.562 
6.138 

6.798 
5.601 
5.099 
4.690 
4.304 

4.070 
3.769 
3.466 
3.145 
2.856 
2.491 
2.078 



7.843 
7.461 
7.174 
6.964 
6.606 

6.351 
6.052 
5.515 
5.047 
4.545 

4.139 
3.828 
3.482 
3.148 
2.686 

2.589 
1.640 
0.768 
7.957 
7.892 

7.667 
7.249 
6.948 
6.576 
6.152 

6.812 
5.616 
5.113 
4.604 
4.318 

4.084 
3.783 
3.470 
3.159 
2.869 
2.506 
2.092 



Velocity 



(ft/seo) 

22.7 
21.6 
20.8 
20.2 
19.15 

18.40 
17.55 
16.00 
14.60 
13.13 

11.96 
11.10 
10.10 
9.12 
7.78 
6.92 
6.98 
4.75 
2.12 
23.00 
22.80 
22.20 
22.20 
21.00 
20.10 
19.05 
17.86 

16.95 
16.00 
14.80 
13.36 
12.50 

11.80 
10.97 
10.02 
9.15 
8.30 
7.26 
6.05 



Velocity Reading 
Squared Elbow 
Gage 

(ft/8ec)2 (ft) 



010 


3 #979 




3«682 




3*366 


406 


3.213 


366 


2.920 








O Ate 


oOO 


S.uOo 


212.5 


1.704 


172.0 


1.380 




1« 128 




0«976 


xU#deU 


0.798 


83.0 


0.668 


60.4 


0.479 




0«o86 


O 


0#182 


4« yo 


0.038 


oou 


A A 9 A 

4.050 


620 


3.961 


492 


3.781 


440 


3.354 


403 


3.141 


361 


2.744 


318 


2.462 


284 


2.210 


255 


19.80 


219 


1.727 


178 


1.567 


156 


1.211 


140 


1.080 


120 


0.930 


100.5 


0.787 


83.2 


0.660 


69.0 


0.534 
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Calibration Of 8" Elbow 
(Vertical Gage #2) 
Summary Data Sheet 

Data By Rheingans, Weipking, and Kidder. 

Date, February, 1920. 

Area Oroaseotion Elbow = «342 square feet. 



Run 
Ho. 



29 



1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 



Quantity 


Of Flow 


Velocity 


Velocity 


Beading 


Prom 


Correct- 




Sqiiared 


Elbow 


Oirrve 


ed 


(ft/sec) 




Gage 


(S.P.) 


(S.P.) 


(ft/sec )2 


(ft) 


7.829 


7.843 


22.95 


525 


4.280 


7.447 


7.461 


21 •Bo 


477 


^ t\*t. A 

o«9o4 


7.160 


7.174 


21.00 


440 


3.618 


6.950 


6.964 


20 .40 


415 


3^470 


6.592 


6.606 


19 •35 


375 


O.042 


6.337 


6.351 


18 •60 


r» A ^ 

345 


2«815 


6.038 


6.052 


Vf •70 


313 


2«563 


5.601 


5.515 


16«16 


260 


2. 182 


5.033 


5.047 


^ A W A 

14 •74 


216 


1.802 


4.531 


4.645 


13 •SO 


176 


*t A A^ 

1*445 


4.125 


4.139 


12.10 


146 


1.218 


3.814 


3.828 


11.20 


125 


1.040 


3.468 


3.482 


10*20 


104 


0.863 


5.134 


3.148 


9.21 


84.8 


0.713 


2.672 


2.686 


7.86 


61.8 


0.515 








49.0 




2.375 


2.369 


7.00 


49.0 


0.416 


1.626 


1.640 


1«80 


23.0 


0# 197 


0.754 


0.768 


2.25 


5.05 


0#0o2 


7.943 


7.967 


25. 30 


a Af\ 

540 


4^ 302 


7.878 


7.892 


23.05 


530 ; 


4« 2oS 


7.653 


7.667 


22.40 


602 


4.007 


7.235 


7.249 


21.20 


449 


3.594 


6.934 


6.948 


20.30 


411 


3;2oo 


6.562 


6.676 


19.22 


370 


2^900 


6.138 


6.162 


18.02 


325 


2.630 


5.798 


6.812 


17.02 


290 


2 •345 


5.501 


5.615 


16 •IS 


260 


2.128 


5.099 


5.113 


15.00 


AOS 


JL . VlO 


4.690 


4.604 


13.50 


182 




4* 504 


4. oiM 




160 


i.soo 


4.070 


4.084 


11.95 


142 


1.160 


3.769 


3.783 


11.08 


122 


1.014 


3.456 


3.470 


10.15 


102.6 


0.842 


3.145 


3.159 


9.24 


85.0 


0.706 


2.855 


2.869 


8.40 


70.2 


0.684 


2.491 


2.505 


7.33 


53.6 


0.450 


2.078 


2.092 


6.11 


37.4 


0.316 


1.648 


1.662 


4.86 


25.6 


0.205 
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Calibration Of e** Elbow 
Sununary Data Sheet 

Dhta. by Rheingans^ wlepking, apd Kidder. 

Date, February, 1920* 

Area Orosaection Pipe = #2006 square feet. 



Run 


Quantity 


Of Plow 


No. 


Prom 


Correct- 




Curve 


ed 




(S.P. ) 


(S.P.) 


1 


.4048 


.4048 


2 


.4439 


.4439 


3 


.4647 


.4647 


4 


.4759 


.4759 


5 


.4930 


.4930 


6 


.5085 


.5085 


7 


.5242 


.5242 


8 


.5334 


.5334 


9 


,5619 


.5619 


10 


.5709 


.5709 


11 


.5763 


.5765 


12 


.5837 


.5837 


13 


.6043 


.6043 


14 


.6211 


.6211 


16 


.6389 


.6389 


16 


.6517 


.6517 


17 


.6784 


.6785 


18 


.7017 


.7017 


19 


.7191 


.7191 


20 


.7340 


.7340 


21 


.7473 


.7473 


22 


.7632 


.7632 


23 


.7672 


.7672 


24 


.7870 


.7870 


25 


.7907 


.7907 


26 


.8014 


.8014 


27 


.8135 


.8133 


28 


.8373 


.8373 


29 


.8031 


.8031 


30 


, .8169 


.8169 


31 


.8221 


.8221 


32 


.8276 


.8276 


33 


.8324 


.8324 


34 


.8478 


.8478 


35 


.8484 


.8484 



Velocity 



(ft/aeo) 



Velocity Beading 
Squared Elbow 
Gage 

(ft/sec )2 (ft) 



3.38 


11.42 


.066 


3.87 


14.97 


.083 


4.01 


16 #10 


• Uoo 


4*30 


^ A^ 

18*40 


# llo 


4.61 


20.40 


# io« 


4.71 


22.20 


#165 


4.93 


24.20 


#174 


5#05 


26 #60 


# loD 


5«4o 


29.70 


# 214 


5.60 


31. 10 


#SOO 


6.66 


32.0 


#296 


5.76 


35.0 


#3S9 


6«05 


96 #5 


# 


6«30 


39 #6 


« Qu / 


6.57 


A r9 *i 

43. 1 




6.77 


46.7 




7.19 


61.6 


.399 


7 #56 


07 #0 




7.74 


60 #0 


. 9V« 


8.09 


6o# 1 




9 . 


Oq#o 


469 


8.55 


73.0 


.4t4 


8.63 


74.3 




8.96 


80.0 




9.03 


81.2 




9.20 


84.2 




9.40 


88.0 




9.82 


96.2 


.144 


9.24 


86.0 




9.45 


89.2 


.03e 


9.65 


91.0 


.9>M 


9.65 


92.9 




9.73 


94.5 


.MS 


10.00 


100.0 


.688 


10.01 


100.1 


.688 
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Calculation of 6^ Elbow 
Summary Data Sheet 



Data by Rheingans, Wiepking, and Kidder, 
Date, February, 1920. 

Area Crosseotion Pipe = .2006 square feet. 



Pun 


Hoad on 


Quan^i'tv 


Velocity 


Velocity 


Reading 


Ho • 


Weir 


of Plow 


(ft/seo) 


S(],uared 


Elbow 




(ft) 


(S.P.> 


(ft/sec )2 


Gage 




• 8623 


2-060 


10.26 


106.0 


.719 


57 

xJ / 


.8667 


2-076 


10.33 


106.2 


.738 


58 

WW 


-8715 


2.080 


10.37 


107.0 


.750 


5Q 




2- 110 

Cr • X XVy 


10.51 

X • V X 


110.5 


.764 


40 


.8794 


2.120 


10.68 


111.7 


.803 


41 


.8714 


2.0OS 


10 #42 


108.3 


.752 






P- 122 


10 #60 


112.0 


.773 


43 


-8855 

# U W W 


P- 144 

O # X^7 


10 #70 


114.1 


.780 


44 


-8858 


2 - 1 38 

4& • X Ww 


10*63 

X V/ • W w 


113.0 


;782 


45 


.8865 


2.148 


10 #71 


114.3 


.749 


46 




2. 148 

^ • X^W 


10t71 


114.3 


.746 


47 


-8899 


2. 160 


10 #77 


116.9 


.753 


48 


.8894 


2- 157 


10*72 


115.0 


.800 


4Q 


-8907 


2-162 

M • X W fc^ 


10*80 


116.2 


.796 


50 


.8928 


2.170 


10,82 


117.0 


.804 


51 


.8992 


2.190 


10^91 


119.0 


.833 




-8804 


2* 123 


10*60 


112.0 


.776 


53 


-8786 


2*120 


10 #59 


111.5 


.782 


54 


-87P1 


2.094 


10*45 


109.0 


.766 


55 


.8635 


2.067 


10*31 


106.2 


.730 


oo 


# DwOVJ 


P OPft 


10*11 

XV/ * JU X 


102.0 


.707 


U f 




1 QQP 


9-93 


98.2 


.710 


wo 




1 .Qfi5 


9.89 


97.4 


.675 






1 -Q46 


9.70 


93.9 


.642 


60 


-8200 

• W •sJ V/ V/ 


1.912 


9.53 


90.8 


.627 


61 


.8111 


1.880 


9.56 


87.7 


.613 


62 


.8051 


1.862 


9.28 


86 -0 


• 606 


63 


.7985 


1.833 


9.15 


83.6 


.671 


64 


.7912 


1.811 


9.04 


81.4 


.566 


65 


.7809 


1.780 


8.86 


78.6 


.544 


66 


.7771 


1.766 


8.80 


77.1 


.544 


67 


.7662 


1.730 


8.61 


74.0 


.516 


68 


.7599 


1.710 


8.52 


72.4 


.503 


69 


.7496 


1.673 


8.34 


69.3 


.489 


70 


.7231 


1.587 


7.©1 


62.4 


.427 
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Calibration of 4" Elbow 
Sximniary Data sheet 

Data by Rheingans, Wiepking, and Kidder. 

Date, February, 1920, 

Area Oroaaection Pipe « .0884 aqiiare feet. 

Bun Head on Quantity of Velocity Velocity Geading 
No. Weir Plow Squared Elbow 

Gage 

(S.P) (S.F.) (ft/aeo) (ft/Beo)2 (ft) 



1 


• 6413 


1.625 


18.4 


340 


3.277 


2 


.6039 


1.480 


16.74 


280 


27.47 


3 


.5750 


1.375 


15.60 


243 


2.395 


4 


.5504 


1.290 


14.60 


214 


2.075 


e 
O 


.5420 


1. 260 


14.25 


204 


1.866 


6 


.5059 


1.146 


12.85 


165 


1^660 


7 


.4710 


1.025 


11.60 


134 


1.348 


8 


.4252 


0.877 


9.92 


99 


1.002 


9 


^ 3808 


0,745 


8.44 


71.2 


0.733 


1 n 

lU 


• 3608 


0*090 


7.80 


61.0 


.616 


11 


.3338 


0.616 


6.96 


48.5 


0.500 


12 


• 3059 


0^540 


6.11 


37.5 


0.385 


13 


• 2453 


0^S95 


4.47 


20.0 


0.223 


14 


.0608 


0^065 


0.74 


0.5 


0.023 


15 


• 1561 


0^205 


2.32 


6.4 


0^056 


16 


.2349 


0^370 


4.20 


17.6 


0,187 


17 


• 3059 


0^541 


6.13 


37.6 


0.384 


18 


.3490 


0^655 


7.41 


55.0 


0.570 


19 


.3986 


0.796 


9.00 


81.0 


0.844 


20 


.4367 


0.910 


10.30 


106.0 


10.87 


21 


.4675 


1.010 


11.4 


130 


1.266 


22 


.4897 


1.076 


12.2 


148 


1.478 


23 


.5215 


1.190 


13.6 


182 


1.785 


24 


.6415 


1.255 


14.2 


202 


1.996 


25 


.5803 


1.325 


16.0 


225 


2.219 


26 


.5730 


1.370 


15.6 


240 


2.349 


27 


• 5912 


1.435 


16.3 


265 


2.607 


28 


• 6152 


1.525 


17.3 


298 


2.890 


29 


.6272 


1.570 


17.8 


316 


3.118 


30 


.6524 


1.670 


18.9 


357 


3.427 
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Calibration of 4* Elbow 
(Fireitd Setting) 
Summairy Data Sheet 

Data by Rheingans, Wiepking, and Kidder. 

Date, February, 1920. 

Area Oroaaeotion Pip© « 0.884 

R\in Head on Quantity Velocity Velocity Reading 

Ho. Weir of Flow Squared Elbow 

Gage 

(ft) (S.F.) (ft/sec) (ft/sec )2 (ft) 



1 


.2030 


.252 


2.86 


8.10 


.090 


2 


.2286 


.297 


5.35 


11.20 


.044 


3 


.2498 


.557 


3.81 


14.50 


.056 


4 


#2646 


.567 


4.15 


17.20 


.058 


5 






4.58 


19.20 


. W 9 X 


6 


.2983 


.437 


4.94 


24. 4 


.114 


7 


.2991 


.439 


4.96 


24.6 


.124 


8 


.5091 


.460 


6.20 


27.0 


.144 


9 


.3222 


«490 


6.54 


50.6 


.161 


10 


. 0040 




5.84 


54.0 


. 19K 


11 


.3487 


.560 


6.22 


38.6 


.202 


12 


.3512 


.554 


6.26 


59.2 


.218 


13 


.5757 


.608 


6.88 


47.2 


.229 


14 


.3845 


.631 


7.15 


51.0 


.264 


15 


.3949 


.657 


7.44 


56. 1 


• 285 


16 


.4183 


.713 


8.06 


65.0 


.516 


17 


.4471 


.786 


8.89 


78.6 


.325 


18 


.4666 


.834 


9.44 


89.0 


.409 


19 


.4934 


«906 


10.24 


102.5 


.411 


20 


.5145 


.953 


10.80 


116.0 


.460 


21 


.5377 


1.050 


11.62 


155.6 


.618 


22 


.5852 


1.162 


15.14 


175.5 


• 618 


25 


.6088 


1.228 


13.88 


192.0 


.916 


24 


.2953 . 


.432 


4.87 


25.7 


• 125 


25 


.2700 


.578 


4.26 


18.0 


.099 


26 


.2410 


.320 


3.62 


15.1 


.074 


27 


.2149 


272 


5.08 


9.42 


.024 


28 


.2421 


.323 


5.66 


15.55 


.095 


29 


.2542 


.346 


3.91 


15.50 


.104 


30 


.2877 


.414 


4.68 


21.90 


.126 
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Calibration of 4" Elbow 
(First setting) 
Summary Data sheet 

Data by Rhelngana, Wiepking, and Kigder. 
Date, Pebmary, 1920. 

Area OroBseotion Pipe » .0884 square feet. 

Run Head on Wier Quantity Velocity Velocity Reading 
Ho. of Flow squared Elbow 

Gage 

(ft) (S.F.) (ft/sec) (ft/seo)2 (ft) 



31 


• 3430 


• 537 


6.07 


36. 946. e 


i .218 


32 


• 3690 


.697 


6.76 


46.5 


.256 


33 


.5765 


.615 


6.96 


48.4 


.269 


34 


• 4046 


• 680 


7.69 


59.0 


.336 


35 


.4149 


.705 


7.97 


63.4 


.350 


36 


.4278 


• 737 


8.34 


69.2 


.334 


37 


.4490 


.790 


8.94 


79.9 


.358 


38 


.4581 


.815 


9.23 


86.0 


.372 


39 


.4697 


• 843 


9.54 


90.9 


.392 


40 


.4900 


.898 


10.18 


103.0 


.426 


41 


.5079 


.947 


10.72 


116.0 


.629 


42 


.5237 


.090 


11.20 


125.0 


.561 


43 


.5439 


1.046 


11.82 


140.0 


.608 


44 


• 6063 


1.222 


13.82 


191.0 


.847 


45 


.6518 


1.360 


15.39 


236.0 


1.021 


46 


.7852 


1.793 


20.3 


411.0 


2.605 


47 


.6470 


1.343 


15.2 


231.0 


1.348 


48 


.6019 


1.210 


13.69 


187.0 


1.000 


49 


.5485 


1.058 


11.98 


142.5 


.716 


60 


.4899 


.898 


10.18 


103.0 


.601 


51 


.4819 


.876 


9.91 


98.0 


.560 


52 


4669 


.837 


9.46 


89.5 


.461 


53 


.4410 


.771 


8.73 


76.0 


.377 


54 


.4137 


.702 


7.94 


63^0 


.318 


56 


.3977 


.666 


7.54 


56.8 


.299 


66 


.3793 


.616 


7.00 


49.0 


.257 


57 


• 3537 


.660 


6.34 


40.1 


.230 


58 


.3358 


.520 


5.88 


84.5 


.192 


59 


.3143 


.470 


6.32 


28.3 


• 162 


60 


.2887 


.417 


4.72 


22.2 


.126 
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Velooit 



Square_ 
Ob 8 erveS Prom 
Ovirva 



PEBOENT VARIATIOH IN VELOCITY READINGS 

4*^ Setting #2 
Veloolty Correction in 

Observed 



Prom 
Curve 



Velocity" 
•t- 



6,5 

17.5 
20.0 
37.5 
37.5 

48.5 
55.0 
61.0 
71.0 
81.0 

99.5 
106.0 
130.0 
134.0 
148.0 

166.0 
181.0 
202.0 
210.0 
226.0 

238.0 
243.0 
264.6 
279.0 
294.0 

336.0 
240.0 
357.0 



5.5 
16.6 
22.0 
39.0 
39.0 

50.0 
57.5 
62.0 
73.6 
85.0 

101.0 
3.09.0 
128.0 
136.0 
149.0 

168.0 
182.0 
202.0 
214.0 
225.0 

240.0 
243.0 
264.0 
280.0 
298.0 

336.0 
333.0 
349.0 



2.34 
4.18 
4.46 
6.12 
6.12 

6.95 
7.40 
7.80 
8.41 
9.00 

9.95 
10.3 
11.4 
11.6 
12,15 

12.85 
13.45 
14.26 
14.50 
15.00 

15.4 
15.6 
16.3 
16.7 
17.1 

18.3 
18.4 
18.9 



2.54 
4.30 
4.70 
6.24 
6.24 

7.06 
7.75 
7.86 
8.57 
9.20 

10.06 
10.46 
11.30 
11.65 
12.20 

12.95 
13.50 
14.25 
14.60 
15.00 

15.50 
15.60 
16.30 
16.75 
17.24 

18.30 
18.20 
18.70 



.12 
• 24 
.12 
.12 

.11 
.17 
.06 
.16 
.20 

.10 

115 

.06 
.06 

.10 











.10 



.05 
.10 

.10 



.05 
.15 



.20 
.20 



Per pent Oor- 
rectloa 



- + 



2.8 
6.4 
1.9 
1.9 

1.6 
2.3 

.77 
1.9 
2.2 

1.0 
1.5 

.43 
.40 

.78 













.87 



.38 
.67 

.65 



.30 
.87 



l.]D 
1.10 
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PEBOENT VARIATION IN VELOCITY READINGS 
4* setting #1 



Velocity velocity Oorreotlon Peroent Ooi— 

Sauarea in rection 



Observea From 




















Curve 


T 


— 


IT 


— 


A 

Q 


o 

O 


2.46 


2.82 


.37 




15*1 




9 


6 


3.00 


2.25 




.77 




25.6 


8 


6 


2«28 


2.45 




.37 




13.1 




Q 


O • ol 






.31 




O A 


X f 




4.12 


3.46 




.66 




16.0 




14 


5.60 


3.74 


.14 




3«9 




19 


16 


4.35 


4.00 




• 36 




8.1 


13 


18 


3.60 


4.26 


.65 




18.0 




IB 


10 


O • OO 


A %fs 
4 # OO 


.49 








1 A 
xO 




4.26 


4.36 


.10 




2.3 








4.70 


4.90 


.20 




4.25 




22 


24 


4.70 


4.90 


.20 




4.26 




24 


24 


4.90 


4.90 
















4 on 


o« vU 






9^04 




oo 




4.70 


5.00 


.30 




6.4 




c f 


pp 


6.2 


5.30 


.10 




1.9 




28 


31 


5.3 


5.56 


.26 




4.7 




30 


31 


6.47 


5.65 


.08 




1.46 




OH 


O f 


D • DO 


A Oft 


OR 




9 . w 






ov 


6.25 


6.25 












O f 


AO 


6.06 


6.47 


• 35 




6.7 




39 


42 


6.25 


6.47 


.22 




3.5 




40 


46 


6.32 


6.70 


• 38 




6.0 




47 


46 


6.85 


6.70 




.16 




2.2 


45 


49 


6.70 


7.00 


.30 




4.6 




49 


49 


7.0 


7.00 












49 


52 


7.0 


7.20 


.20 




2.8 




61 


61 


7.14 


7.14 












56 


56 


7.40 


7.40 












57 


58 


7.56 


7.60 


.06 




.66 
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TiiOOX»V 



T^1oqX»Y 











•ncfO 










x.ax 




T9. 


88.8 


9».8 


8 


a 












00.8 


m 

w 


a 

» 


x.sx 




T8. 




9».9 


88,9 


a 


8 


».« 




X8» 




00.8 


xe.8 


8 


XX 


O,0X 




aa» 




a».8 


8X.» 


8X 


TX 




«.B 




i^X. 


I^T.8 


08.8 


»X 


ex 


x.e 








00.^ 


88.^ 




or 




0.8X 




9a^ 


98 


oa«8 


8X 


8X 




T.8X 






88. 


88.8 


«X 






6.8 




ox. 


98. » 


38«» 


ex 


8X 




88»» 




08. 


0««» 


OT.* 




88 




98.^ 




Oft. 


• IT 


OT.Ik 
















08.» 


00. » 


>9 


as 




^0.8 




ox. 


00,9 


08.» 


98 


a8 








08. 


00.8 


or,.* 


98 


88 




9.x 




OX. 


08.9 


8.9 


88 


T9 










99.0 

w a w 


8.9 


fx 






a^.x 




80. 


99.9 


V*.9 


X8 


08 








98. 


80.a 


88.9 


T8 


aa 












98. a 


88. a 


88 


68 








98. 


T>.a 


80.a 


8» 


te 




9.6 




89. 


T#».a 


98.8 


8^ 


88 




o.» 




88 » 


OT.a 


88.8 


8a 


oa 






8X« 




OT.a 


98.8 


aa 


ta 




9.» 




08. 


00. t 


07.8 


ea 


8a 












00.? 


0.? 


oa 


8a 




a.9 




08. 


08. T 


o.v 


88 


«a 












W.T 




X8 


X8 












0*.t 


O^.T 


88 


88 




da. 




90. 


oa.v 


99. T 


68 


?8 
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PERCENT VARIATION IN VELOCITT READINGS 
A* Setting #1 

V»looity Squared Velocity Gorreotlon In Percent Oor- 

Obseirved Prom Curve Cbs, Prom Velocity rectlon 









Curve 










63 


62 


8I«95 


7.86 




• 07 




.89 


65 


62 


8«05 


7.86 




.19 




2.3 




66 


7.67 


8;05 


• 38 




6.0 






68 


8«00 


8.25 


• 86 




3.1 




69 


65 


8«30 


7.67 




• 63 




8.2 


78 


63 


8«88 


7.94 




• 94 




10.7 


80 


70 


8*93 


8.35 




• 58 




6.5 


76 


74 


8.70 


8.60 




• 10 




1.1 


86 


74 


9.20 


8.60 




• 60 




6.5 


89 


79 


9.42 


8.88 




• 54 




6.7 


91 


77 


9.53 


8.75 




• 78 




O O 


8Q 


8Q 


9.42 


9.42 












TOP 


80 


10.10 


8.94 




1.06 




10.6 






10.15 


9.05 




1.10 




10.8 




QQ 


9.94 


9.94 














SQ 


10.76 


9.42 




1.33 




12«4 


116 


103 


10.70 


10.16 




• 55 




6^1 


98 


109 


9.90 


10.45 


.55 




5.5 




104 


117 


10.20 


10.80 


.60 




6*9 




125 


107 


11.20 


10.35 


.15 




1«3 




140 


118 


11.80 


10.85 


.05 




0.4 


1.3 


143 


140 


11.95 


11.80 




• 15 




172 


110 


13.10 


10.50 




2.60 




2.0 


191 


165 


13.80 


12.80 




1.00 




0.7 


192 


180 


13.85 


13.40 




• 45 




5«3 


187 


195 


13.65 


13.95 


.30 




2.2 


8.4 


236 


200 


16.40 


14. 10 




1.30 
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PEBOENT VARIATION IH VELOCITY READINGS 
6* setting 
Velocity 
Observed From Observed Prom 



Veloolt 
Square 





Oxirre 




Curve 


11.5 


9.6 


3.39 


3.36 


11.0 


10.0 


3.32 


3« 16 


26.0 


12.0 


3#87 


3 4 40 


16.0 


12.5 


4#00 


T Kit 


18.5 


16.5 


4#30 


A AC 


SO. 6 


21.5 


ie52 


i«64 


22.0 


23.5 


4«70 


A Qti 


24.0 


25.0 


4#90 


C AA 
Be 00 


25.5 


26.5 


5.06 


6#15 


29.0 


27.0 


6#38 


K OA 

6.20 


29.5 


30.5 


5.44 


6.62 


35.0 


30.5 


6*76 


K CI 

6«51 


31.0 


34.0 


6#66 


6«o3 


32.0 


34.0 


6*66 


5«83 


56.5 


59.0 


6#06 


6#2o 


59.5 


44.0 


6#29 


6*63 


42.0 


42.5 


6.47 


^ e A 

6 #50 


43.0 


46.5 


6 #56 


6#7o 


45.6 


46.0 


^ . M SP 

6#76 


6«92 


63.6 


52.5 


7.30 


1*9 AC 

7 .20 


61.6 


57.0 


7.17 


7.56 


67.0 


61.0 


7.56 


f9 OA 


60.0 


63.5 


7.75 


7«96 


62.6 


61.5 


7.90 


7#86 


65.0 


67.5 


8.06 


8«20 


68.6 


67.5 


8.27 


A AA 

8.20 


69.5 


70.0 


8.33 


8. 34 


73.0 


81.0 


8.55 


8.41 


72.5 


72.5 


8.60 


8.60 


74.0 


74.0 


8.60 


8.60 


77.5 


77.5 


8.80 


8.80 


72.0 


73.5 


8.50 


8.59 


80.0 


78.0 


8.95 


8.10 


119.0 


120.0 


10.90 


10.95 


114.5 


107.5 


10.70 


10.35 


114.6 


108.0 


10.70 


10.40 


116.0 


108.5 


10.80 


10.40 



Correction In 
Velocity 



.12 
.16 
.10 
.10 



.08 

.27 
.18 
.20 
.34 
.34 
.03 
• 23 
.17 



.38 
.26 
.21 

.16 
.02 



.09 
.05 



.03 

.16 
.41 
.46 

.25 



• 18 
.24 



,05 



.05 

.07 

.14 






.86 

.35 
• 30 
.40 



Percent Cor* 
rection 



2.7 
3.2 
2.0 
2.0 



1.5 

4.8 

3.2 
3.3 

6.4 
0.6 
3.6 
2.5 



5.3 
3.3 
2.7 

1.9 
0.2 



1.1 
0.6 



0.9 
4.8 
10.6 
11.6 
5.8 



3.3 



4.2 



0.7 

0.6 

0.8 
1.6 



0.9 

3.3 
2.8 
3.7 
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PERCENT VARIATION IN VELOCITY READINGS 
6* setting 

velocity velocity Oorrection in Percent Ooi- 
• " squareS Velocity reotion 

f - - 





.06 .05 



.07 
.05 



.04 
.07 



.14 1.4 

,06 0.6 

.05 0.5 

.14 1.4 




.10 1.0 

,05 0.5 
1.60 





Curve 




Curve 


-r 


81.0 


81.0 


9.00 


9.00 







81.5 


9.01 


9.01 







82-B 


9.13 


9;08 




84-0 


84<0 


9.16 


9.16 






86-0 


9.20 


9.26 


.06 


86.0 


87.0 


9.26 


9.31 


.06 




88.0 


9.37 


9.37 





89-0 


88.0 


9.37 


9.37 





89^0 


89*0 


9.43 


9.47 


.04 


QO-0 


91.0 


9.47 


9.54 


.07 


91.0 


91.0 


9.64 


9.54 





93.0 


90#0 


9.64 


9.60 






9S.0 


9.70 


9.64 




94^5 


93#5 


9.71 


9.66 






QS-0 


9.78 


9.64 




97.5 


97.5 


9.86 


9.86 




Qfi.5 


98.6 

V W 9 W 


9.90 


9.90 




100-0 


98-0 


10.0 


9.90 




100-0 


99-0 


10.0 


9.95 




Q8-0 


101-0 


9.9 


10.05 


.16 


102.0 


102.0 


10.1 


10.1 





105.0 


104.0 


10.25 


10.2 






lOB-0 


10.30 


10.25 




lOft -0 


TOfl -0 

Xw w • vy 


10.30 


10,3 




107 


108-0 
Xv/ w • ^ 


10,35 


10.4 


.05 




108-0 

Xw O • v/ 


10.40 


10.4 





109.0 


110.0 


10.46 


10.46 





110.0 


110.0 


10.50 


10.6 





112.0 


112.0 


10.60 


10.6 





112.0 


111.6 


10.60 


10.55 




111.6 


113.0 


10.56 


10.6 


.05 


113.0 


113.0 


10.60 


10.6 





114.0 


113.0 


10.65 


10.6 


.05 


115.0 


115.6 


10.70 


10.76 


111.6 


115.5 


10.56 


10.76 


.20 


116.0 


115.0 


10.76 


10.70 




117.0 


116.0 


10.80 


10.70 





.06 0.6 
.06 0.5 







.06 



.05 0*5 
.05 

.06 0.6 
.06 
.20 

.05 0.5 
.06 0.6 



Digitized by 



Digitized by 



Googl 



40 



PERCENT VAHIATION IN VELOCITY READINGS 
8* Elbow #1 



Velooity Veloolty Correction in Percent oor«- 

squared veloolty reotlon 

Observed Prom Observed From — — — 





Curve 


Vurve 






1 




0,0 


5.0 


2.24 


2.24 












22.0 


24.0 


4.70 


4.90 


.20 




4.2 




57.0 


37.0 


6.07 


6.07 












48.0 


50.0 


6.91 


7.06 


.15 




2.2 




52.0 






7.35 


.16 




2.1 




61.0 


61.5 


7.80 


7.85 


.05 




.6 




69.0 


69.0 


8.30 


8.30 












83.0 


84.0 


9.10 


9.15 


.05 




.5 




83.0 


86.0 


9.10 


9.25 


.15 




1.6 




101.0 




10 .05 


10.06 












102.0 


102 


10.10 


10. 10 












120.0 


120 


10.95 


10.95 












123.0 


125 


11.10 


11.20 


.10 




.9 




139.5 


140 


11.80 


11.80 












143.0 


1 AC 


11.96 


12.10 


.16 




1.2 




156.0 


156 


12.50 


12.60 












178.0 


177 


13.35 


13.30 




.06 




.4 


172.0 


178 


13.10 


13.35 


.25 




1.9 




212.0 


219 


14.55 


14.80 


• 26 




1.7 




219.0 


CjCjiJ 


14.80 


14.95 


.15 




1.0 




f\ s fv 

253 


253 


15.90 


15.90 












253 


268 


15.90 


16.07 


.17 




1.1 




284 


285 


16.80 


16; 90 


.10 




.6 




307 


312 


17.50 


17.70 


.20 




1.1 




318 


316 


17.80 


17.76 




.OQ 




.3 


339 


341 


18.35 


18.50 


.16 




.8 




360.5 


355 


19.00 


18.80 




a. 80 




1.0 


366 


376 


19.15 


18.40 


.25 




1.3 




403 


405 


20.05 


20.10 


.05 




.3 




406 


414 


20.15 


20.30 


.15 




.7 




430 


435 


20.80 


20.85 


.05 




.3 




440 


432 


20.95 


20.80 




976 




.7 


467 


474 


21.60 


21.70 


.10 




.6 




492 


488 


22.20 


22.10 




.fO 




.5 


520 


510 


22.80 


22.60 




• 90 




.9 


510 


513 


22.60 


22.60 













Digitized by 



Digitized by 



Google 



41 



PERCENT VARIATION BN VELOCITY READINGS 
8* Elbow #2 

Veloolty Velocity Correotlon In Percent Cor- 

^quared Velocity rectlon 

Observed Prom Observed Prom , . . 

Curve Curve i" — ~ 

9.0 
4.2 
1.1 
2.0 
1.8 

.4 

1.1 
2.3 

.10 1,10 



.98 
.45 
.46 

.02 ,17 
.40 



.38 

.10 .75 

• 68 
2.00 

Tff 



1.20 

.05 .29 
.28 

.05 .27 



.35 1,80 



.15 ,74 
1.10 

.24 

.20 ,94 

• 45 

.20 ,90 





6,0 


2.24 


2.44 


.20 




25#0 


4.30 


5.00 


.20 


«j # • 


38 .0 


6.08 


6.16 


.07 


49.0 


51.0 


7.00 


7.14 


.14 


53.0 


66.0 


7.27 


7.40 


• 13 




61.5 


7.80 


7.83 


.03 


70.0 


71.5 


6.36 


8.45 


.09 




87,0 


9 .10 


9.31 


.21 


85*0 


86.0 


9^20 


9.10 




lOl.O 


101.0 


10.05 


10.05 








10.20 








106 

XV/ w 


20.20 


10.30 


• 10 




123 


11.10 


11.10 


.05 


1 PR 


127 


11.20 


11.25 


.05 


142 


141 


11.90 


11.88 




148 


148 


12.10 


12.15 


.05 




160 

X w V/ 


12.65 


12.65 





X # w 


176 • 5 


13*26 


13.30 


.05 


1 ftp 


179 


13.50 


13.40 




216 


220 


14.70 


14.80 


.10 


225 


235 


15.00 


16.30 


.30 


oOU 




16*10 

JL\J 9 XV/ 


16.10 







P67 


Ifl^lO 


16.30 


.20 




287 


17.00 


16.96 




313 


314 


17.70 


17.75 


.05 


325 


322 


18.00 


17.95 




345 


345 


18.66 


18.56 





370 


356 


18.85 


19.20 




375 


374 


19.30 


19.30 





411 


403 


20.20 


20.06 


.20 


416 


426 


20.40 


20.60 


440 


443 


20.95 


21.00 


.05 


449 


441 


21.20 


21.00 


.10 


477 


483 


21.80 


21.90 


503 


492 


22.40 


22.20 
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TABLE OP VALUES OF Q FROM VALUES OF h 
As Derived from straight Line Relation between h and 





6* Elbow 




Elbow #1 


8" 


Elbow #2 




Q = 2.405_/li 






Q 


= 3.92_/ii 




h 


h 





h 


Q 








<C # \J\J 




^« f f 






1-00 


W # WW 


T-00 




.5 


1.516 


1.60 


4.66 


1.60 


4.80 


«4 


1.620 


2.00 


6.56 


2.00 


6.54 


.6 


1.700 


2.50 


6.00 


2.60 


6.20 


*6 


1.860 


s.oo 


6.66 


3.00 


6.79 


.7 


2.010 


5.60 


7.10 


5.60 


7.33 


• 8 


2.150 


4.00 


7.60 


4.00 


7.84 


.9 


2.280 


4.60 


8.06 


4.60 


8.32 


1.0 


2.405 


5.00 


8.49 


6.00 


8.76 



4* Elbow, Setting #1 
Q = 1.268_/li 



4* Elbow, Setting #2 
Q s .890 /h 



h 


Q 


] 


.1 


.398 


.25 


.2 


.562 


.50 


.3 


.688 


.76 


.4 


.796 


1100 


.6 


.889 








1.26 


.6 


.976 


1.60 


.7 


1.061 


1.75 


.8 


1.123 


2.00 


.9 


1.191 




1.0 


1.268 


2.26 






2.60 


1.2 


1.379 


2.76 


1.4 


1.490 


3.00 






3.26 






3.60 



•446 
.629 
.770 
.890 

.996 
1.090 
1.180 
1.260 

1.338 
1.407 
1.476 
1.642 

1.606 
1.666 
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